Objective Psoriasis is one of the most common forms of chronic dermatitis, affecting 2-3% of the worldwide population. It has a serious effect on the way patients perceive themselves and others, thereby prejudicing their quality of life and giving rise to a significant deterioration in their psycho-physical well-being; it also poses greater difficulties for them in leading a normal social life, including their ability to conduct a normal working life. All the above-mentioned issues imply a cost for the society. This study proposes to evaluate the impact on societal costs for the treatment of chronic plaque psoriasis with biologics (etanercept, infliximab and adalimumab) in the Italian clinical practice.
Introduction
Psoriasis is a common inflammatory skin disease, with a chronic relapsing-remitting course, characterized by scaly, red patches most commonly on the elbows, knees, hands, feet and scalp. Several forms of psoriasis have been classified, but the most common form is plaque psoriasis, affecting about 80% of psoriatic patients. 1 Given its symptoms, psoriasis may have significant psychological effects on a patient's self-esteem, body perception and sense of well-being that reach far beyond the physical aspects. [2] [3] [4] In fact, psoriasis has a substantial negative impact on all aspects entailing the quality of life, including physical and psychological factors, social relationships, as well as employment -resulting in a significant economic burden on patients, healthcare systems and society. 15 Economic impact in terms of direct medical costs (i.e. adopting the third-party payer perspective) has been largely investigated by resorting to economic modelling [2] [3] [4] [5] [6] and, recently, even by analysing cost-effectiveness in the actual practice. 16 Adopting a societal perspective, costs associated with work-related absent or impaired productivity for patients and their family members, travel costs incurred when going to medical appointments, costs associated with domestic support, and other non-medical costs might also represent a significant share of the total cost associated with psoriasis. Many studies present strong evidence for substantial indirect costs imposed by psoriasis not only on patient affected by the disease, but also on their partners, family members and/or caregivers. 2, 5, [7] [8] [9] However, most analyses do not consider the impact of biologic agents since these studies were conducted before biologics became available for the treatment of psoriasis.
The aim of this study is to quantify (through a representative caseload of patients, seen in a clinical practice setting of Italian specialist centres) the impact of biologic agents on direct and indirect non-medical cost, also evaluating cost-effectiveness of biologic therapy for the treatment of chronic plaque psoriasis from a societal perspective. The study provides new insight into the economic evaluation of societal costs of chronic plaque psoriasis, employing evidence from the utilization of biologic agents in an actual clinical practice.
Methods

Study design
A prospective observational study was conducted in a 'realworld' clinical practice setting in Italy, with a view towards determining medical and non-medical direct costs, as well as indirect costs and the health-related quality of life (HQoL) of patients suffering from chronic plaque psoriasis. The study was conducted in 12 specialized centres belonging to the Psocare network throughout Italy. During the period from 11 May 2009 until 31 December 2009, all the adult psoriatic patients switching to biologic therapy, or those who reverted to biologic treatment after a suspension of at least 1 year, were enrolled in the study (more details in Ref. 16 ). The only biologic agents approved in Italy for the treatment of psoriasis at the time of the study were etanercept, infliximab and adalimumab.
The Psocare project, designed to evaluate the long-term effectiveness and safety of available psoriasis treatments, is an initiative promoted by the Italian Medicines Agency (AIFA) in conjunction with dermatology societies and patient associations, under the technical coordination of the GISED (Italian Group for Epidemiologic Research in Dermatology) research centre. Psocare conducts its work based on the philosophy that psoriasis treatment strategies devised to date have led to the consolidation of habits or behaviours amongst doctors, instead of striving for clear outcomes in terms of effectiveness. Therefore, comparisons between different care strategies have been made with a view towards obtaining a realistic estimate of benefits and risks, with the intention of providing important data for the evaluation of the outcome of the treatments provided to psoriatic patients.
In compliance with the Declaration of Helsinki protocols, appropriate consent was obtained from all the participants. As the study was a non-interventional observation study and treatment, diagnostic procedures and follow-up were representative of current actual clinical practice, there was no need for formal ethical approval from individual Ethics Committees.
Cost, quality of life and clinical assessments
Upon enrolment in the study, the costs incurred prior to switching to biologic therapy were calculated in retrospect; besides patient HQoLs and objective/subjective clinical conditions were evaluated at baseline using the validated scales devised specifically for psoriasis (the Psoriasis Area Severity Index [PASI] and pain and itching Visual Analogue Scales [VAS] ). The questionnaires and data collection procedures were repeated at the end of a 6-month follow-up period.
Quality of life was measured using the five-dimension European Quality of Life Questionnaire (EuroQoL-5D or EQ-5D); objective severity of the condition was measured using PASI scores; while pain and itching VAS scores were used to get to a subjective evaluation of the clinical conditions of patients. The direct medical costs included all costs incurred in connection with psoriasis: hospitalization, day hospital and/or outpatient services, specialist appointments, laboratory tests, diagnostic procedures, phototherapy and medication (more details in Ref. 16 ).
The direct non-medical costs taken into consideration included the time spent for visits and the need for help in performing household chores. The latter was calculated using the effective minimum hourly wage of €7.22, according to Italian Institute of Social Security criteria. Italian Automobile Club vehicle running cost data for a medium-sized hatchback were used when calculating travel costs, assuming a unit cost per km of €0.30.
The number of days away from work was also recorded to calculate productivity loss, in keeping with the human capital approach. The average number of days with reduced working capacity was also recorded. A record was also made of the number of days patients were unable to make full use of their leisure time and those in which they required help from their family members.
Questionnaires were administered using the CAPI (Computer-Assisted Personal Interviewing) method. Those completed by patients included general details and socioeconomic data, the EuroQoL-5D questionnaire, in addition to retrospective information on the healthcare resources used in connection with psoriasis (medications, visits, diagnostics, day hospital and/or outpatient services, information needed to estimate indirect and direct non-medical costs) before enrolment. Those completed by doctors involved the main clinical evaluation elements (PASI, pain VAS and itching VAS) and medication-related information.
Cost-utility analysis
A cost-utility approach was adopted, calculating the incremental cost-effectiveness ratio (ICER), comparing the QALY gained between baseline and follow-up with incremental direct/indirect costs.
Results
The analysis was conducted on 178 patients with a mean age of 47.7 years. The baseline characteristics of the patient caseload are shown in Table 1 . All patients completed the follow-up period and were available for analysis. Although literature suggests that prevalence is similar in both genders, 13 in this study males were prevalent, accounting for 64.6% of the total caseload. Altogether, 56.7% of patients enrolled were eligible for Italian National Health System (NHS) co-payment exemptions on account of their illness. At the beginning of the study, 59.6% of patients were prescribed etanercept, 32.0% adalimumab and 8.4% infliximab. Table 2 illustrates the clinical benefits and HQoL data recorded during the observation period. A general reduction in disease severity was assessed by the PASI score throughout the 6-month observation period; this was accompanied by improvement in pain parameters, itching parameters and improvement in HQoL.
In short, prior to enrolment, mean direct medical costs borne by the NHS were €2166.20 per patient on a yearly basis. With the switch to biologic therapy, these costs rose to €15073.70 per annum, with a 596.6% increase. A more detailed analysis of direct cost data has been reported in Ref. 16. Prior to enrolment, patients personally spent an additional €928.20 a year for appointments, diagnostic procedures and laboratory tests. Following the switch to biologic therapy, this figure dropped to €291.60 per year with a difference of € 636.60 (P <0.0001).
With reference to direct non-medical costs prior to enrolment, each patient spent 62.3 min per visit in travel time to attend dermatology appointments and check-ups. During the observation period, this commitment dropped to 57.5 min (Table 3) . Using the €0.30 unit cost per Km, a mean annual cost of €142.70 and €113.30 per patient has been estimated prior to enrolment and subsequent to the switch to biologic therapyrespectively, representing a 20.6% reduction. Due to their illness, patients required an average of 2.3 days' assistance on a monthly basis for performing their household chores before enrolment, and 0.8 days after the switch to biologic therapy.
By attributing a cost of €57.80 per 8-h day (i.e. applying the minimum hourly wage of €7.22) for assistance in performing household chores, the mean annual cost amounted to €1609.49 prior to enrolment and €587.98 while on biologic therapy, with a 63.5% decrease (Table 4) .
On average, total direct non-medical costs amounted to €1752.20 per year, of which 8.1% in travel costs and the remaining 91.9% for assistance in performing household chores. Typically, following a 1-year period of biologic treatment, direct non-medical costs decreased to €701.30 (of which 16.2% in travel costs and the remaining 83.8% for assistance in performing household chores) -corresponding to a 60.0% reduction.
Therefore, the annual direct (medical and non-medical) costs per patient amounted to €4846.60 prior to enrolment and €16066.60 in the observation year, with an €11220.00 increase following the introduction of biologic treatment that can essentially be attributed to the pharmaceutical cost.
Indirect costs included the value of productivity loss by the patient and family/friends due to the patient's illness or treatment. Prior to enrolment, patients claimed a mean of 12.4 days of lost work each year for psoriasis-related problems (Table 5) . Besides, they reported on average a reduced working capacity of 18.0 days a year. Productivity loss by friends and relatives was relatively limited, being on average 7.9 days per year. In the observation period, following the switch to treatment with biologics, patients claimed that they lost on average 4.4 days' work per year for psoriasis-related problems. In addition to this, patients experienced a reduction in their capacity to work for 4.9 days per annum, while the productivity loss of friends and relatives dropped to 2.0 days a year (Table 5) .
By following the human capital approach, the productivity loss calculation was based on the net national annual income per capita (which stood at €29 797 according to Italian Institute of Statistics 2010 data) divided by the average number of working days (220) to obtain a value of €135.40. It was arbitrarily assumed that the reduced productive capacity amounted to 50% of normal capacity, which gave an annual indirect cost per patient of €3960.10 before enrolment and €1133.40 in the year of biologic therapy -producing a 71.4% reduction in indirect costs (P = 0.000) ( Table 6) .
With a view towards ensuring completeness of information, patients claimed to miss out on 2.6 days of leisure activities each month -a figure that dropped to 0.9 days in the observation period.
In short and on an annual basis, costs prior to enrolment were €8806.60 per patient, of which 35.1% for direct medical costs, 19.9% for direct non-medical costs and 45.0% for indirect costs. Specifically, the cost borne by the Italian NHS amounted to €2166.20 (24.6% - Table 6 ). In the observation year, costs rose to €17200.00 per patient, of which 89.3% was for medical direct costs, 4.1% for non-medical direct costs and 6.6% for indirect costs. Specifically, the reduction in non-medical costs meant that 87.6% (€15073.70) of the costs relative to each patient was borne by the Italian Health Service. When assuming a societal perspective, the mean annual cost per patient was increased by €8393.40.
Applying the estimated benefits of biologic therapy and assuming a societal perspective, the ICER for biologic treatment of plaque psoriasis in actual clinical practice of the centres taking part in the project amounted to €18634.40 per QALY gained ( Table 7) . The ICER was €333.60 per PASI point, €213.80 per pain VAS point and €174.40 per itching VAS point (Table 7) .
Discussion
The significant impact of psoriasis on society has been repeatedly demonstrated. In the USA, it was estimated to have an indirect cost, in terms of productivity loss, amounting to $1.2 billion in 2004. 8 The evidence available for European countries is characterized by significant variability, particularly with respect to indirect costs. In the Spanish system, the annual indirect cost for patients In estimating the impact of biologic therapy, our study confirms that the direct medical costs of treatment borne by the Italian NHS rose substantially subsequent to the switch to biologic therapy. However, non-medical direct and indirect costs decreased significantly when patients were treated with biologics.
According to our estimate, indirect costs are greater compared to the Spanish and German papers. Also referring to Colombo's paper studying a sample of Italian patients, our estimate is higher (+€1278.56).
Considering non-medical costs and indirect costs, by adopting a societal perspective the ICER is reduced from €28656.3 obtained in the third-party payer perspective, 16 to €18634.40:
the significance of the impact of direct non-medical costs and, especially, indirect costs in the appraisal of the agents' value appears quite evident.
Conclusion
This article provides new insight into both direct non-medical costs and indirect costs borne by patients eligible for the biologic treatment of psoriasis, therefore contributing to the economic assessment of the societal impact of the drugs. Direct non-medical costs and indirect costs account for nearly 65% of the total costs prior to the switch to biologic therapy (of which 69% represents productivity loss). The prescription of biologic drugs gives rise to a 68% drop in these costs, reducing indirect costs to one-third.
The results, obtained within the context of an actual clinical practice, confirm the significant social impact of psoriasis: i.e. the importance of direct non-medical costs and productivity loss, therefore the importance of adopting a societal perspective. At the same time, it stresses the effects of biologic therapy on eligible patients.
It should be noted that this was an observational study without a control group. It is therefore important to emphasize, in particular regarding ICER calculation, that a primarily conservative hypothesis was adopted by assuming that the patients' health condition and the costs incurred would remain constant without switching to biologic treatment. 16 The main limitation of this research is its brief observation period, which did not allow for a comprehensive analysis of the persistent nature of benefits.
Finally, due caution should be used for the transferability of the results. As the centres taking part in the research are specialized facilities, monitored within the context of the Psocare project, they are likely to pay more attention to the appropriateness of treatment choices compared to non-specialized centres. 
